Large amounts of 5-hydroxytryptamine (5-HT) in the mammalian duodenum are found mainly in the enterochromaffin cells. Baker (1) was the first to demonstrate that in the enterochromaffin cells of the dog's duodenal mucosa, 5-HT was stored in large granules which were sedimented in the gravitational field used for the sedimentation of mitochondria. By further equilibrium centrifugation in a sucrose density gradient the granules were partially purified from mitochondria (2). Prusoff (3) reported that even with a two density gradient centrifugation of the mitochondrial fraction succinic dehydro genase (SDH) activity was still found in the fraction that was rich in 5-HT. Therefore, in this paper an attempt has been made to separate 5-HT storage granules from SDH. Attention has also been given to minimizing damage to the granules during separation. For this purpose urografin density gradients have been employed.
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MATERIALS AND METHODS

Removal and fractionation of mucous membrane
Both sexes of adult rabbits, weighing about 2.0 kg, were killed by bleeding. About 50 cm of the duodenum just caudal to the pyrlous was dissected and washed thoroughly in ice-cold 0.32 M sucrose solution. All steps following removal of the duodenum were performed at 4 C. The duodenal mucous membrane was removed by scraping with a glass slide and weighed. About 5 g of mucous membrane was homogenized in ice-cold 0.32 M sucrose with a Teflon pestle in one stroke and made up to about 50 ml. The preparation and fractionation of primary fractions were carried out as described by Penttila and Saris (4) , with a slight modification. Fraction P, (debris) was separated by centrifuging the homogenate at 800 g for 10 minutes. This fraction P, was washed with 0.32 M sucrose solution by suspending it in about 50 ml and recentrifuging it at 800 g for 10 minutes. The two supernatants from fraction P, were combined and centrifuged at 20,000 g for 20 min utes, providing a particulate fraction P2 and a supernatant (S2). The P2 pellet was washed gently with I ml of 0.32 M sucrose solution and recentrifuged as mentioned above. This procedure was repeated and the two superantants so obtained were combined to fraction S2.
Subfractionation of fraction P2
The three tubes of the HITACHI swing rotor RPS 25 were prepared by layering each 5 ml of urografin solution (5) diluted with distilled water in the following steps; 25 %, 30 %, 35 % and 40 % with 40 % solution at the bottom of the tube. The Pi pellet was sus pended in 30 ml of 0.32 M sucrose solution, each 10 ml of which was layered carefully on top of the discontinuous density gradient and then centrifuged at 60,000 g for 30 minutes. This procedure yielded A, B, C, D and E fractions (Fig. 1 ) which were separated serially from the top by careful aspiration.
5-HT determination
5-HT amount in each fraction was determined fluorimetrically by a modification of the method of Snyder, Axelrod and Zweig (6) . The pellet fractions were homogenized in 0.4 N HCIO4 at 4°C and were centrifuged at 11,500 g for 20 minutes and 3 ml of the clear supernatants were used for the extraction and determination of 5-HT. When the fraction was liquid one-tenth volumes of 4 N HC1O4 were added to obtain 0.4 N with re spect to HCIO4 concentration and then the mixture was homogenized and centrifuged as described above. Extracted standard (0.2 ng of 5-HT added to 3 ml of 0.4 N HCIO, ex tract) and reagent blank were run in parallel with the sample, and fluorescence was mea sured in a SHIMAZU spectrophotofluorometer at 495 mlz after activation at 390 m1,1 (un corrected instrumental values) along with unextracted standard (0.1 ng 5-HT per ml).
Determination of sauccinic dehydrogenase activity
To determine the relative concentration of mitochondria in each fraction the SDH activity was measured spectrophotometrically by the method of Slater and Bonner (7) . This determination depends on measuring the reduction rate of K3Fe(CN),. To inhibit cytochrom oxidase activity, sufficient KCN was added. The mucous membrane, P, and P2 fractions were homogenized in 0.02 M phosphate buffer of pH 7.2 with a glass homoge nizer and were centrifuged at 1,500 g for 20 minutes and the resulting cloudy supernatants were subjected to acid precipitation to obtain enzyme preparation. The B, C, D and E fractions were diluted with distilled water to make the fractions iso-osmotic with respect to urografin concentration and were centrifuged at 20,000 g for 20 minutes. Thereafter the pellets were homogenized and centrifuged in 0.02 M phosphate buffer as described above and the resulting pellets were subjected to acid precipitation. If the protein con tents in fractions B, C, D and E were small, enzyme preparation was achieved solely by centrifuging at 10,000g for 20 minutes. The fractions S2 and A were directly subjected to acid precipitation.
Two-tenth ml of preparation suspended in 0.1 M phosphate buffer (pH 7.2) was mixed with 0.3 ml of 0.1 M KCN, 0.3 ml of 0.01 M K3Fe(CN)G, 0.2 ml of 0.2 M sodium succinate and 2.2 ml of 0.13 M phosphate buffer (pH 7.2). Immediately after mixing, the rate of decrease in optical density was measured at 400 m/2 at 20°C in 1 cm cell. The reference cell contained 3 ml of distilled water and 0.2 ml of preparation suspension. The average rate between 1 and 5 minutes after mixing was used for calculation of the activity. The unit of SDH activity was defined as the amount of enzyme that produced the oxidation of succinate per nag protein per hour.
The protein determination
The protein content in each fraction was estimated by the method of Lowry et al (8).
Electron microscopy
The method of double fixation with glutaraldehyde and osmium tetroxide described by Tranzer, DaPrada and Pletscher (9) 
Distribution of SDH activity
The distribution of SDH activity is shown in Fig. 3 . In primary fractions the dis tribution was quite similar to that of 5-HT concentration.
The activity was practically nil in fraction P1 and S2, while it was exclusively high in fraction P2. On the other hand, in subfractions the distribution of SDH activity differed from that of 5-HT concentration.
The uppermost activity, which was almost twice as high as that in fraction P2 was recovered in fraction CP. It decreased below the value of fraction P2 in fractions BP, DP and EP and was negligible in fraction A.
Electron microscopy of fraction EP
Electron nmicrograph of fraction EP is shown in Fig. 4 . In spite of the fact that there was considerably low SDH activity in fraction EP, particles with mitochondrial structures made up a large part of the total organelle population in the field. However, most of them were swollen and lost their internal cristae. After centrifugation more than 50% of total 5-HT in mucous membrane was found in fraction P, in which practically all of SDH activity in whole homogenates was recovered.
These results are in line with others (2, 4) , showing that both 5-HT storage granules and mitochondria are sedimented together by the same centrifugation force.
After centrifugation of the suspension of fraction P2 in a urografin density gradient the distribution of 5-HT concentration was different from that of SDH activity; 5-HT con centration was high in both fractions DP and EP while SDH activity was maximum in fraction CP.
Under the electron microscope specific granules which were characterized by a high affinity for osmium could be seen in fraction EP. The features of these granules were similar to those reported by Penttila and Saris (4). Furthermore, as 5-HT was concent rated to a much greater extent in fraction EP these granules seem to be 5-HT storage orga nelle. Although SDH activity was considerably low in fraction EP, mitochondrial struc tures with some degree of swelling and rupture were abundant. In this respect separation of 5-HT storage granules by urografin desnity gradient was not satisfactory. However, the amount of 5-HT per mg protein was almost eleven times that found in whole homoge nate, indicating this procedure was successful in achieving highly 5-HT concentrated frac tion.
Because enterochromaffin cells constitute a small portion of epithelial cells in duodenal mucous membrane only a small number of granules was found in fraction EP. The 5
HT amount per mg protein in fraction EP was almost 60 times as high as that in synaptic vesicles from rabbit brain stem (14) and approximately one five-thousandth of that stored in 5-HT organelle from rabbit platelets (5). More precise information as to the amount of 5-HT in granules must await further pure separation of the granules from other cell constituents, but it is obvious that the real values is higher than that described in this ex periment.
In a preliminary experiment in this laboratory (Segawa, unpublished) an attempt was made to separate 5-HT storage granules of rabbit duodenal mucosa with membrane filter under reduced pressue. This treatment led to extensive morphological changes in granules.
The inner structures were reticularized clearly, detached from outer membrane and vast vacuolization occurred. This may indicate that these granules are extremely labile, especi ally sensitive to change in pressure.
In this respect urografin density gradient technique is useful to obtain relatively intact granules.
SUMMARY
Studies on differential and density gradient centrifugation of rabbit duodenal mucous membrane were carried out in order to separate 5-HT storage granules from mitochondria.
The highest concentration of 5-HT and SDH activity were found in fraction P2 sediment ed at 20,000 g for 20 minutes. When this fraction was separated into five subfractions by urografin density gradient centrifugation 5-HT was highly concentrated in the lower layers (fractions DP and EP) whereas much of SDH activity was recovered in intermediate CP
fraction.
Electron microscopic examination revealed that a small number of osmiophilic 5-HT storage granules and a large number of mitochondrial structures with varying de grees of swelling and rupture were present in fraction EP. Therefore, the urografin den sity gradient was not satisfactory in separating 5-HT storage granules from mitochondria but it was successful in achieving fractions highly concentrated with respect to 5-HT.
